
Abstract. Background: The clinical course of Helicobacter
pylori infection is highly variable and is influenced by both
microbial and host factors, including the genetic composition
of the infecting strains and variations in the host immune
responses. A genetic risk profile for gastric cancer has been
identified, but genetic susceptibility to develop gastric
mucosa-associated lymphoid tissue (MALT) lymphoma is
unclear. The aim of this study was to evaluate the
relationship between NOD2, TLR4 and CD14 genetic
polymorphisms and the development of gastric MALT-
lymphoma. Materials and Methods: Fifty-six patients with
primary gastric MALT lymphoma and 51 patients with
H. pylori infection were enrolled in this study. The
polymorphisms were detected by the PCR-restriction
fragment length polymorphism (RFLP) method of allele-
specific PCR. Results: No polymorphisms in the NOD2 and
TLR4 genes were found to be associated with the
development of gastric MALT lymphoma. Carriers of the
CD14 gene -159T allele had a marginally increased risk of
developing gastric MALT lymphoma than the controls
(p=0.042). Conclusion: The -159C/T genetic polymorphism
of the CD14 gene may be implicated in the development of
gastric MALT lymphoma.

Helicobacter pylori is a Gram-negative bacterium which
colonizes the stomach due to its ability to survive in the
highly acidic environment and penetrate the mucus gel layer.
This allows close contact with the underlying gastric
epithelial cells. H. pylori induces an immunologically
mediated inflammation in the gastric mucosa which may lead
to the development of chronic active gastritis, duodenitis,
peptic ulcer disease, gastric atrophy, gastric carcinoma and/or
gastric mucosa-associated lymphoid tissue (MALT)
lymphoma (1). Studies have shown that almost two out of
three people worldwide are infected with H. pylori. The
prevalence of the infection is low in the developed world but
it is overwhelming in Third World countries where nearly
90% of the general population is infected. Whereas most
infected individuals are asymptomatic, the clinical course of
H. pylori infection is highly variable and is influenced by
both microbial and host factors, including the genetic
composition of the infecting strains and the genetic make-up
of the host, and especially by variations in the host immune
responses (2).

Recent research has re-confirmed the pivotal role of innate
immunity as the first-line defense of the host against
bacterial pathogens (3). On this basis, evidence has
accumulated that genetic variations in the genes implicated
in the mucosal immune system pivotally influence the
clinical outcome of H. pylori infection (4). Interestingly, in
contrast to gastric cancer, a genetic susceptibility profile for
the development of MALT lymphoma in chronic H. pylori
infection has not yet been identified.

A family of proteins from the innate immune system
involved in the detection of pathogens is the nucleotide-
binding oligomerization domain molecules (NODs). NOD1
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and NOD2 are cytosolic proteins which recognize
peptidoglycan and when overexpressed in mammalian cells
induce nuclear factor-kappa Β (NF-κB) activation and
enhance the response to specific microbial products (5, 6).
Mutations in the gene encoding for NOD2 have been
associated with a genetic predisposition to inflammatory
granulomatous disorders, including Crohn’s disease (7).
Recently, Rosenstiel et al. (8) have reported that the R702W
mutation in the NOD2 gene is significantly associated with
gastric lymphoma.

Toll-like receptors (TLR), and especially TLR4, act as
transmembrane co-receptors to CD14 in the cellular response
to lipopolysaccharide (LPS) derived from Gram-negative
bacteria (9) for example, forming the TLR4.MD2.CD14
complex (10). Although TLR4 seems not to have a basic role
in epithelial cells sensing of H. pylori, the data are still
controversial (11-13). However, Maeda et al. (14) suggested
that H. pylori activation of the transcription factor NF-κB is
mediated by TLR4 leading to proinflammatory cytokine
production. A single nucleotide polymorphism in the TLR4
gene in exon 5 leads tο an amino acid change from aspartate
to glycine at position 299. The rare allele attenuated receptor
signaling and diminished the inflammatory response to
Gram-negative bacteria (15-17).

Taking into consideration that H. pylori LPS represents
part of its pathogenesis to the gastric mucosa, the present
study investigated whether genetic polymorphisms in NOD2,
TLR4 and CD14 were associated with the susceptibility for
the development of MALT lymphoma.

Materials and Methods

Study population. Fifty-six patients with primary gastric MALT
lymphoma were recruited from three General Hospitals in Greece.
The diagnosis of gastric MALT lymphoma was based on classic
histological and immunophenotypic analysis. Exclusion criteria
were age over 75 years, primary nodal or HIV-associated lymphoma
of any type and malignancies including gastric collision tumors. The
control group consisted of fifty-one consecutive dyspeptic patients
in whom H. pylori-associated chronic gastritis and/or peptic ulcer
disease was diagnosed. The diagnosis of H. pylori infection was
made by the means of a rapid urease test (CLOtest) and histology
(H&E and modified Giemsa) on endoscopic biopsies obtained from
the gastric antrum and corpus. All the participants gave written
informed consent.

Genotyping. Genomic DNA was prepared from blood samples with
the NucleoSpin blood kit (Macherey-Nagel, Düren, Germany). The
ΝΟD2 (R702W, G908R and L1007fsinsC), TLR4 (Asp299Gly) and
CD14 -159(C/T) polymorphisms were detected by PCR-restriction
fragment length polymorphism (RFLP) method of allele-specific
PCR, as previously described (18). Briefly, the cytosine insertion
mutation of the NOD2 gene was genotyped by a PCR amplification of
specific allele assay using two allele-specific forward primers
L1007fsinsCWTF: 5’ CAGAAGCCCTCCTGCAGGCCCT 3’ for the
wild-type allele and L1007fsinsCMUTF: 5’CAGAAGCCCTCCTG

CAGGCCCCT 3’ for the L1007fsinsC mutant allele, in combination
with a common primer L1007fsinsCR: 5’ TCTTCAACCACATCC
CCATT 3’, in two separate PCR reactions. The 3’-ends of the forward
primers were able to anneal to regions that differed between the two
alleles. The PCR profile was as follows: initial denaturation at 95˚C
for 5 min, followed by 35 cycles of denaturing at 94˚C for 45 s,
annealing at 65˚C for 40 s and extension at 72˚C for 30 s and a final
incubation at 72˚C for 10 min.

The missense mutation R702W of the NOD2 gene was genotyped
by a PCR amplification of specific allele assay using two allele-
specific forward primers R702WWTF: 5’ ATCTGAGAAGG
CCCTGCTCC 3’ for the wild-type allele and R702WMUTF: 5’
ATCTGAGAAGGCCCTGCTCT 3’ for the R702W mutant allele, in
combination with a common primer R702WR: 5’ CCCACA
CTTAGCCTTGATG 3’, in two separate PCR reactions. The 3’-ends
of the forward primers were able to anneal to regions that differed
between the two alleles. The PCR profile was as follows: initial
denaturation at 95˚C for 5 min, followed by 35 cycles of denaturing
at 94˚C for 45 s, annealing at 53˚C for 40 s and extension at 72˚C for
30 s and a final incubation at 72˚C for 10 min.

The missense mutation G908R of the NOD2 gene created a
restriction site for HhaI and was genotyped by a PCR-RFLP method
using 5’ CCCAGCTCCTCCCTCTTC 3’ and 5’AAGTCTGTAATGT
AAAGC CAC 3’. The presence of a wild-type allele resulted in an
intact 380 bp band, whereas the RFLP profile of the G908R variant
was characterized by two bands of 138 bp and 242 bp. The PCR
conditions were as follows: initial denaturation at 95˚C for 5 min,
followed by 35 cycles of denaturing at 94˚C for 45 s, annealing at
53˚C for 40 s, extension at 72˚C for 30 s, and a final incubation at
72˚C for 10 min. PCR products were electrophoresed on an agarose
gel and visualized by ethidium bromide staining.

Concerning the TLR4 Asp299Gly polymorphism the primers used
were forward 5’ GATTAGCATACTTAGACTACTACCTCCATG 3’
and reverse 5’ GATCAACTTCTGAAAAAGCATTCCCAC 3’; the
underlined bases in the forward primer indicate the altered nucleotide
to create a NcoI restriction site. PCR reaction was run at 95˚C for
5 min followed by 35 cycles at 95˚C 30 s, at 55˚C for 30 s, at 72˚C
for 30 s, and a final incubation at 72˚C for 5 min. A 15-μl aliquot of
the product was digested with the appropriate restriction enzyme and
electrophoresed in a 3% agarose gel to identify the TLR4 alleles on
the basis of the respective allele size. After digestion, fragment sizes
for carriers of the polymorphic allele decreased from 249 bp (wild-
type) to 223 bp.

Genotyping for -159(C/T) of the CD14 gene was performed using
the primers CDP-1 (5’ TTGGTGCCAACAGATGAGGTTCAC 3’),
and CDP-2 (5’ TTCTTTCCTACACAGCGGCACCC 3’) under the
following conditions: an initial denaturation at 95˚C for 5 min,
followed by 35 cycles at 92˚C for 40 s, at 62˚C for 35 s, and at 72˚C
for 50 s. The final extension step was prolonged to 5 min. The 561
bp PCR product was digested with the restriction enzyme HaeIII,
into the fragments of 204, 201 and 156 bp in length in the presence
of the wild-type allele. The variant allele showed a loss of one HaeIII
cleavage site, resulting in the presence of fragments 360 and 201 bp
in length.

Statistical analysis. Patients with MALT lymphoma were compared
against H. pylori-infected control patients without lymphoma. The
association of the genetic variants with susceptibility to infection
and different clinical outcomes was tested by genotype and allele-
based analysis. Odds ratios (OR) were calculated with their
corresponding 95% confidence intervals (95% CI). Frequencies
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and susceptibilities of mutations were compared based on chi-
squared distribution. All tests were 2-tailed with significance at
p<0.05. Inference was aided by GraphPad InStat (version 3.00,
GraphPad Software Inc., San Diego, CA, USA).

Results

The median age (range) in the gastric MALT lymphoma
group was 61 (29-75) years and 30 patients were male
(53.57% ). The median age (range) in the control group, was
56 (32-75) years and 30 patients (58.82% ) were male.
H. pylori infection was confirmed in all the gastric MALT
lymphoma cases. The genotype frequencies are presented in
Table I. The distribution of genotypes was consistent with
Hardy-Weinberg equilibrium (p>0.05). The minor allele
carriers for the three polymorphisms of the NOD2 gene did
not differ significantly between patients with MALT
lymphoma and H. pylori positive controls. Similarly, there
was no difference in the risk of developing MALT lymphoma
in the individuals with the minor allele 299Gly of the TLR4
gene. However, the carriers of the CD14 -159T allele had a
marginally significantly increased risk for MALT lymphoma.

Discussion

Recently Rosenstiel et al. (8) reported that patients suffering
from gastric MALT lymphoma were more often carriers of
rare alleles of the NOD2 gene compared with H. pylori-
infected patients without lymphoma and this difference was
marginally significant for the R702W mutation. In the present
study, no significant difference in any polymorphic allele of
the NOD2 gene was observed between the MALT lymphoma
patients and the H. pylori-infected patients without lymphoma.
However, since the sample size was small, an association
between variants in the NOD2 gene and susceptibility to H.
pylori-induced MALT lymphoma cannot be excluded. It is
known that NOD2 is capable of activating a response to H.
pylori in vitro even though LPS from H. pylori is known to be
much less potent in inducing inflammatory reactions than LPS
from other Gram-negative bacteria (8, 19).

Hellmig et al. (20) reported that TLR4 Asp299Gly may be
only one factor in the genetic susceptibility to MALT
lymphoma. Primary gastric low-grade B-cell lymphomas are
neoplastic mimics of MALT. The significance of TLR4 in
B-cell activation by LPS was underscored by strong reduced
in vitro and in vivo LPS responses of B-cells harboring
spontaneous or genetically engineered null mutations in the
TLR4 gene (21, 22). In the present study, the Asp299Gly
TLR4 gene polymorphism did not increase the risk of MALT
lymphoma in the H. pylori-positive patients.

The CD14 -159C/T variant has been postulated to cause
enhanced inflammatory reactions. Recently, Kato et al.
reported that the risk of intestinal metaplasia was significantly

increased among patients with the CD14 -159T allele
compared to those without this allele (23). However, Wu et
al. (24) did not find evidence of an association of the CD14
polymorphism with H. pylori-related gastric malignancy. The
present results revealed a marginally significant increased risk
to MALT lymphoma susceptibility. Even if H. pylori LPS is
weak compared to other Gram-negative bacterial LPS, it is
clear that some H. pylori strains are capable of producing
more potent virulence factors, such as cytotoxin-associated
antigen A (CagA) protein (IARC, 1994). It is possible that
the CD14 gene polymorphism combined with high virulence
H. pylori strains might lead to malignant lesions such as
MALT lymphoma. Overexpression of CD14 in gastric
mucosa with H. pylori infection, especially in gastric tumor
tissues, has been observed (11, 12), and CD14-dependent
activation of macrophages/monocytes leads to the release of
T-helper 1 cytokines, such as interleukin-12, and establishes
the chronic inflammation stimulated by H. pylori infection
(1). The activated macrophages/monocytes also up-regulate
the expressions of many bioactive molecules such as matrix
metalloproteinases, vascular endothelial growth factor and
others (25, 26), which have been strongly linked to gastric
carcinogenesis. Thus, it would be expected that the promoter
CD14 gene polymorphism that enhances the gene expression
might contribute to the development of H. pylori-associated
cancer.
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Table I. Genotype frequencies of patients with MALT lymphoma
compared to H. pylori-infected controls.

MALT H. pylori- P; OR (95% CI)
lymphoma infected

(n=56) controls
(n=51)

NOD2 R702W
RR 52 45 0.513; 0.57 (0.153-2.175)
RW + WW 4 6

NOD2 G908R
GG 49 48 0.325; 2.28 (0.557-9.364)
GR + RR 7 3

NOD2 L1007fsinsC
+/+ 50 48 0.493; 1.92 (0.454-8.118)
+/– and –/– 6 3

TLR4 Asp299Gly
Asp/Asp 38 39 0.390; 1.54 (0.654-3.625)
Asp/Gly + Gly/Gly 18 12

CD14 –159C/T
CC 32 39 0.042; 2.44 (1.056-5.624)
CT + TT 24 12



In summary, genetic polymorphisms in CD14 may be
implicated in the development of MALT lymphoma.
However, further studies in larger samples are needed to
confirm the findings and to elucidate the role of H. pylori
LPS signaling in the pathophysiology of gastric lymphoma.
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